Abstract. The reaction of the ligand HL´(HCl) 2 (HL = 2,6-di(aminomethyl)-4-tert-butyl-thiophenol) with MCl 2 in methanol in the presence of sodium methanolate and air affords the dinuclear complexes [L 3 
3+
((hs,hs)-2). At room temperature the relative concentrations of both species are nearly equal. Well resolved quadrupole doublets at all temperatures for both (ls,ls)-2 (C in the range 0.22(1)±0. 28 (1) mm s ±1 ) and (hs,hs)-2 (C in the range 0.48(1)±0.53(2) mm s ±1 ) are indicative of a spin conversion time longer than the half-life of the I = 3 / 2 state of 57 Fe. Cyclic voltammetry and square wave voltammetry of 2 in CH 3 CN solution reveal four quasi-reversible one-electron transfer processes. The first two processes were assigned to metal-centered reductions of (hs,hs)-2 and (ls,ls)-2, respectively, to yield the mixed-valent species [ spin-crossover behaviour when the energy difference between the low-spin and high-spin ground states is in the range of kT [1] . Since this requirement is very restrictive, only a few classes of transition-metal complexes featuring low-spin high-spin equilibria are known. At present, spin-crossover behaviour is well documented for various transition metal ions with the above mentioned configurations, however, these are in general mononuclear compounds. Higher nuclearity spin-crossover complexes are fewer, these are in general complexes of the type LM±B±ML in which two spin-crossover transition-metal fragments LM are assembled via a bridging ligand B [2±13].
We are interested in the chemical, electronic, and magnetic properties of discrete, dinuclear amine-thiolate metal complexes of the 3 d transition metals. Dinuclear amine-thiolate iron(III) complexes, for example, may exhibit spin-crossover behaviour that differs from that seen in related but mononuclear complexes. For example, Wieghardt and Trautwein and their coworkers reported on the pseudooctahedral iron(III) compound [L'Fe] (1), which contains an fac-N 3 S 3 donor set (H 3 L' is the hexadentate ligand 1,4,7-tris(4-tert-butyl-2-mercaptobenzyl)-1,4,7-triaza-cyclonane, Fig. 1 ) [14] . This complex exhibits an electronic spin equilibrium between the high-spin 6 Infrared spectroscopy of 2 and 3
Infrared spectra of solid 2 and 3 were recorded at room temperature as KBr pellets. The positions and intensities of the infrared absorption bands (see Experimental Part) of both complexes are identical, except for the absorption at 760 cm ±1 for 3, which appears at 750 cm ±1 for 2. In the 1600±1000 cm ±1 region both spectra are dominated by a strong absorption band at 1086 cm ±1 , which was assigned to the m 3 (F 2 ) stretching vibration of the ClO 4 ± anion [16] . The almost identical IR spectra of 2 and 3 clearly show the presence of the ligand, the presence of the perchlorate ions, and that the complexes are likely to be isostructural.
Magnetic susceptibility measurements and 1 H-NMR spectroscopy of 2 and 3
The magnetic susceptibility measurements revealed that complex 3 is diamagnetic at room temperature as are related cobalt(III) complexes featuring a fac-N 3 S 3 coordination [17, 18] . However, the diamagnetism of compound 2 at room temperature is in striking contrast to paramagnetic 1 (2.9 l B at 300 K). This result is consistent with the proposed structure for 2 if both iron(III) ions are strongly antiferromagnetically coupled.
Due to their diamagnetism both complexes could be investigated by 1 H NMR spectroscopy. The 1 H NMR spectrum of the cobalt(III) complex 3 in CD 3 OD solution displays a simple pattern. Characteristic features are as follows: the singlet at 7.48 ppm for the aromatic protons; the two doublets at 3.98 and 3.67 ppm for the protons on the benzylic carbon; the singlet at 1.32 ppm for the tert-butyl protons. Due to fast exchange, the hydrogen atoms bonded to the primary nitrogen atom could not be observed in CD 3 Figure 2) . Furthermore, as the intensity of the inner quadrupole doublet increases (hereafter denoted spectrum II), the intensity of the outer quadrupole doublet (hereafter denoted spectrum I) decreases with increasing temperature. Thus, each spectra were modeled using symmetrically coupled Lorentz functions [19] . The corresponding Mo È ssbauer parameters for both doublets are collected in Table 1 .
While the change of isomer shifts with temperature (±0.004 mm s ±1 K ±1 (spectrum I), ±0.005 mm s ±1 K
±1
(spectrum II)) is typical for 57 Fe [28] , the electric quadrupole splitting parameters seem to be nearly independent of temperature. The Mo È ssbauer parameters of spectra I and II fall in a range typical for iron(III) compounds in the low-spin and high-spin state, respectively (see Table 2 ). Thus, we attribute the two spectra to two different forms of 2, i. e. 3+ ((hs,hs)-2), which are in a temperature dependent spin-equilibrium characterized by a spin conversion time that is slow compared to the life-time of the I = 3 / 2 state of 57 Fe. In accordance with this assignment, the intensity of spectrum I, representing iron(III) in a low-spin state, becomes more intense with decreasing temperature.
The evolution of spectra observed for 2 corresponds to a gradual spin transition [1] with a change of the relative concentration of the (ls,ls)-2 form from 73% at 77 K to 42% at 293 K, i. e. more than half of the ferric ions (58%) have occupied the high-spin state. We note that there is no Mo È ssbauer spectroscopic evidence for form containing the two ferric ions in two different spin multiplicity states within the dinuclear compound. It is conspicuous that the spin transition in 2 leads to sharply resolved resonances in the Mo È ssbauer spectra. In general, only iron(II) low-/high-spin transitions demand slow relaxation times with respect to the Mo È ssbauer time scale (at least below room temperature) so that their spin states are recognized in well resolved resonances and characteristic parameters [1, 23] . In contrast, the fluctuation rates in the spin transitions observed in octahedral iron(III) complexes are faster and often exceed the Mo È ssbauer time scale so that large line broadening or time averaged spectra are observed.
The isomer shifts and quadrupole splittings observed for 2 might be compared with those determined for 1 [14] . However, in this case fast relaxation renders the two expected quadrupole doublets to collapse into a single doublet at all temperatures in the 
Cyclovoltammetry of 2
The electrochemical behaviour of 2 has been examined by cyclic voltammetry and square wave voltammetry. Figure 3 a shows the cyclic voltammogram of 2 in acetonitrile solution containing 0.1 M tetra-n-butylammonium hexafluorophosphate at a scan rate of 100 mV s ±1 . In the potential range +1.30 to ±1.00 V vs. Ag/AgCl two sets of two overlapping quasi-reversible one-electron reduction waves are observed. The corresponding E 1/2 values were derived from the square wave voltammogram displayed in Fig. 3 b. The temperature-variable 57 Fe Mo È ssbauer spectroscopy already indicated a temperature dependent electronic spin equilibrium between (hs,hs)-2 and (ls,ls)-2, which are approximately equally populated at room temperature. Accordingly, we assign the first two electron transfer processes as is indicated in eqs. (2 a, 2 b) , assuming metal-centered reduction waves for (hs,hs)-2 and (ls,ls)-2. These processes both afford the mixed-valent species 2 2+ .
(hs,hs)-2 3+ + e ± > 2 The splitting of the first cathodic process (DE 1,2 1/2 = 0.118 V) together with approximately equal current peak areas for both reduction waves are in good agreement with the existence of a 58% / 42% equilibrium mixture of the (hs,hs)-2 3+ and (ls,ls)-2 3+ -species previously established by 57 Fe Mo È ssbauer spectroscopy. Furthermore, the well defined reduction waves observed for (hs,hs)-2 3+ and (ls,ls)-2 3+ demonstrate that the spin conversion time of both species is also slow compared to the time scale of the CV experiment. Compared to (hs,hs)-2 the species (ls,ls)-2 is reduced at a more negative potential (DE 1/2 = 0.118 V) which amounts to a 10.6 kJ/mol relative stabilisation of the (ls,ls)-2 form. At more negative potentials a similar electrochemical behaviour is seen for the mixedvalent species 2 2+ (E version time a result of two adjacent Fe-fac-N 3 S 3 spincrossover fragments, which are bridged by the thiolate sulfur atoms and which are strongly antiferromagnetically coupled. Thus, the properties of other spin-crossover compounds may also be affected by incorporation of such fragments into di-or polynuclear compounds. Such investigations are currently underway.
Experimental
General Information. The ligand HL´(HCl) 2 was prepared by reduction of benzyl-[2,6-di(hydroximinoformyl)-4-tert-butyl-phenyl]sulfide with sodium in liquid ammonia [21] . Unless otherwise noted all other chemicals were of reagent grade and used without further purification. All solvents were predried over molecular sieves and freshly distilled from appropriate drying agents. The syntheses of metal complexes were performed under an atmosphere of dry nitrogen except where mentioned explicitly. CHN-Analyses were determined with a Perkin Elmer Elemental Analyzer 240. IR spectra were recorded on a Bruker IFS25 spectrophotometer as KBr pellets. NMR spectra were recorded on a Bruker model ARX200 spectrometer. Absorption spectra were recorded on a Jasco V-750 UV/VIS/NIR spectrometer. Room temperature magnetic susceptibility measurements were determined with a Johnson Matthey model Mark II magnetic susceptibility balance. Cyclic voltammetry measurements were carried out at 25°C with an EG & G Princeton Applied Research Potentiostat/Galvanostat Model 263 A. All potentials were scaled to ferrocenium (Fc + )/ferrocene (Fc) as internal standard [22] . Melting points were determined in capillaries and are uncorrected.
Mo È ssbauer spectroscopy.
57 Fe Mo È ssbauer spectra were collected in constant acceleration modus with a 57 Co(Rh) source (Amersham) [23] . The specimen (131 mg of ground 2 in an acryl holder) was placed in a continuously controlled variable temperature cryostat at low pressure, the source was at room temperature and normal pressure. The transmission of the c-radiation was detected by means of a NaI(TlI) scintillation counter. The actual velocity of the system was calibrated using α-iron foil as an external standard. The intensities were digitalized and stored in a multichannel analyzer with 1024 data channels. The d scale is related to the shift of α-iron as origin of the ordinate. The iron contamination in the beam was neglected. The experimental curve fit was carried out iteratively with the Mo È ssbauer spectra fit routine ªSITEº from the ªNORMOSº program package [24] , using the least-squares method in a thin absorber approximation with symmetrical (or asymmetrical) Lorentz functions. The spectral parameters (d (2) . To a solution of HL´(HCl) 2 (892 mg, 3.00 mmol) in methanol (20 ml) was added solid FeCl 2 (254 mg, 2.00 mmol) and the resulting pale yellow solution stirred for 5 min. A 0.50 M solution of NaOMe in methanol (18 ml, 9.00 mmol) was added, producing a yellowish-green precipitate. The suspension was allowed to stir in air until a dark red solution was obtained. Addition of a saturated solution of LiClO 4 (1.50 g) in methanol (2 ml) afforded a brown-red microcrystalline solid, which was filtered, washed with cold methanol (1 ml) and ether (3 ml 
